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SURFACE CLEANLINESS OF FLUID SYSTEMS,
SPECIFICATION FOR

1. SCOPE

T.... .... ,...1.U._o...._o.- ,,1-..,1;.,oo. 1-,,-1, ,A.., m-th,,4e, e/_ and
I i_,ou_.,e,l_om. 6o ° . e ...... "_ P- J--'L--------"--_I-'"bA'I

---L--_-- ----.;..°,,,"nte and ,_,tectLon an_ inspecu0n proceaures mr cub._._--=-_
I_ m Aw_,- _m_,_ s _---P _'"

su_lcs cleanliness. These surfaces pertain to parts, components, ssse=_lles,

subsystems, and systems in contact with any fluid medium.

I.I C,l@s_ification. - Clean]hess levels are Tisted in table I.

lO _.,_,.A ,¢ gn_ell_r_ Product Cle.-llness Levels. - Product cleanliness levels

shall be determined by program and system reqmrements which shall be specifl

as in the following examples:

ao KSC-C-123 level 200 refers to limits on particulate matter contamination

only.

b. KSC.C-123 level 200B refers to limits on particulate matter and non-

volatile residue (NVR) contamination.

c. F_C-C-123 level B refers to limits on _ o_y.

d. ESC-C-123 level 200A is a more strinlent cleaning level than level 300B

for both particulate matter and NVR.

e. A component cleaned to a more stringent clean_ness level than is re-

quired for a system application may be used m the system application
(examplei a component cleaned to KSC-C-123 level 200A may be used in

a system application requiring cleanliness level 250A or some less

stringent cleanliness level)°

1.3 _Te_t Methods. - Cleanliness level test met_mb are as follows:

I Liquid flush test for particle population _ NV'R _07
critical iu_aees of items normauy ejeamm m a ¢onu_amQ gnvz

ronment (previously test method A) (applicable for small par_,

vessels, and surface areas)

I

wdGE:E S6-8Z-ll
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Z. APPLICABLE DOC_IqT8

The fonowlngdocumentsfb_na Im_ ofthisdoeum_t totheaztentspeciled
herein. When this document is used fbr procurement, including solicitations, or is
added to an mdsfin8 oontmct, the specific revision l_ele, mnex_U,
approval datu of said documauW shall be s_ in an atzacbmmst to the
8o]icitation/Statmnmt of Work_ont_ In tim event, d oontlt_ between the
do_men_ refmmced herein and the contents of this Sl_efficstion, the conumt_ of
this #pec_cation shall be awidJred a 8u_ s_qutnunent.

Z.1 g_uu_mm_.

,l,o_.PmF,Eo_edv S__.__Csamr,(_). NASA

801_7369 Panel Assembly, High T.,,te._.'_ Water Ira.
_ent C1_

Lvndon B. Johnson 8uace Center (JSC).NASA

JSC.SPEC-C-20 Wa_r, HighPun_, Sl_cifica_onfor

Oeorze C. _.whall Seato Fliaht Center (MSFC). NASA

MSFC-SPEC-364

BB-N.411

L.P-378

O.T.236

pPP-T.66

TT.I.785

Helium

Nit,_.o_n, Technlcal

Plastic Sheet and Strip, Polyolefin

TetracMoroetl_kae (Pm_hloroethylen_),
T,cha_a,]

Tape P_, vin_1 P_m_.

I_n'opyl Aleohnl

4

£T "el
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2.1.2 _'

FED-STD-209
Airborne Particulate Cleanlinesl Classes in
C|eanrooms and Clean Zones

.'i ', . .' ! '

MIL-STD-129

MIIrSTD-889

MII.STD-1201

MIL.STD.2073-1

Marking for Shipment and Storage

Dissimilar Metals

Ethyl Alcohol (Ethanol), Tedmtcsl and De-
natured Grades

DOD Materiel procedures for Development
and Application of Packaging Requirementa

2.1.3 _)ther Documents.

• S "

_H35300A(IC)

N'_8060.1

•Inspe_lon 8_t,_ Provid_ for Aemnauti-
ml and Space S_¢.n Materials, Parts,
Componenta and 8ervi_s

_bili_, Odor,Offem_g. and Com-
patibilityRequirements and Test Proce-

@

'"dBb:_ qg-BZ-II
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dures _or Materials in Environments That

Support Combustion

John F. I¢_,-,edv Soace Center G_SC), NASA

GP-1098 KSC Ground Opom_enJ Salty Plan

2.1.4 00de of Federal RemdationJ (CFR).

_9 CFP. 1910 0_pationsl _t3r mad Health 8tanda_s

40 CFR 50-87 Environmental Protection Agency Clean Air
Act ltegulationl

40 CFR 104-149

40 CFR 141-143

40 CFR 960-963

Environmental Protection Agency Clean
Water Act Regulations

Environmental Protection Agauey Safe

D_ Water Act l_eulations

Ensdronmontal Protection A_ency Hazard-

ous Waste Rei_lations

40 CFR 388-372

49 CFE 171-180

Emergency Plannin_t and Community Rifrht-
to.Know Reporting

Department of Transportation Hazardous
Materials Regulations

[App|ication for copies of the Code of Federal Regulations should be adclressod to
the Superintendent of Documents, Government Printing Of_e_, North Capitol and
H Streets N.W., Wuhin&,ton, DC 00401.]

[Copies of specLficatione, s_anda."_, drawing, and publicationn roqufred by

from the proourlng activity or as direet_ by the eosmzant _onu_ng Officer
(CO).]

6
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2.9. •Non.Governmental.

Amefi_.. Chemi_*1 8ocietv(ACS)

P_agsnt Chs_/cak, American Chemical
_k_et? Specifications

(App_ea_n fore.l_m ahouid be addmm_l toth_ _ C_m_cml emmet?,

1155 ISth StrNt, N.W., Wu_n, DC B0088.)

Am*_rlrJn Society for Tee_,-" _n_dMate_als (ASrI'M)

ASTM A380 Stsnds_l Prance for Clem_ and Dewal-
iag Stainless Steel Patti. Equipment. and

Systems

ASTM Dl193 Standard Specification for P,eagent Water

AS_ D4080 Standard Specification for Tric_omethyl-
ene. Technical and Vapor-Degreasing Grade

ASTM F312 Standard Methods for Mi_lcopieal 8iz/ng
and Counting P_cles From AJrospace
Fluids on Membrane Filter_

ASTM F331 Standard Teat Method for Nonvolatile l_si-
due of Halogenatsd Solvent Extract t_om

Aerospaea Components (Using Rotary Flash

Evaporator)

(Application For copies should be addressed to the American Society for Tes_ug

and Materials. 1916 P.acs Street. Philadelphia. PA 19105.)

" Au "v M ' "

AMS 364? Film and Sheet, pol_lum_t/_l_u*-propyl-
• me (P_P)

AMS 3649 Film, Pol_,_,dos.otrtflum'o,thylm_ t_:_'rl_)
Unplasticimd

?

_-_2-_

_IJ WWO_ 50H D$'_
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(Applica_oa for espies Lhould be addressed to the Sodety of Autom_ve Ensi-
seen, Ins., 400 Commonwealth Drive, Warnmdale, PA 15096.)

s. REQUIREMENTS

anp,.r.,. _,,*, ;y,
aqt_[pment ruquirh_ c]_ _ be olewwd to the _ _ |8__.

•-d.t_pe_ t_ _ witht_ Jpe_m_n. _ ,__e__,, _

subs terns, .ymm. and ot_T re_zm aqmlmUm_.mm__,_ m_ u_m ,-.ys
,p. o levelof beu, .p,md.
may mqulr, disassemblym perm/tdmmm_. Any pa_ or mmpemm_ mA. m_,
be dama_d during el_n4_ mhallbe removed beforedun/_ and ole_d u a
uparate item. Cleaning or disassembly operations on pre_sion oomponanm shall

be pefformad only by mxnpetent personnel who have been trained and car_ified to

pe_m,m these flmctions.

3.2 Environmen_- Health, ___d_l_et_ Considerations. - This specification allows
the use of materials, processes, and equipm_t that may be hazardous, wxic,
and/or detaimantal to the environm,nt. This 81_etfieation does not purport to
address all of the environmental, health, or safety problems associated with the
use of these materials, pro°sees, and equipment. It L| the msponaib_Uty of the
user of this necifieation to determine and esrabl/ah the appropriate anvi_'ro_nmen-

tal, health, a_d safety practices thatam inmmpllance with applicable F_deral,
state, and local regulations.

3.2,1 HezardouA Mate_isl_ - It is the user's responsibility to store all hazaedous

materials and inform the loc_., emergency pla_u_u_ o anization as to the quantity
on hand and the storage location. Records shall be maintained by each user as to
the weight of hazardous mat_r/al used and what happened to the material
(consumed in the product, released to the en_t (spilled, air emission, land
discharge, water diechar_, underhand tx_jec.tion)used for en_i_ on Id_. used
for energy off site, recycled off site, recycled on site, treated off aiM, treated on
site].

3.2.2 Waste M_,_;,,,_.JH.m_(Roc'w'_,"_).- Itisthe users raspomibilltyto implee
merit waste mduet/on praeficas. MattoCk, eSl_eially test fluids, shall be recycled
where applicable, Test fluids ahnll be em_dsmd as in'_ _le matte-
ale as lend U the NVR level does not used 200 mfllii_ams per Liter (ms/L), Test
fluids'with NVR levels in ace-. of 200 m_/L end rec_di_ still-bottom rmidux
shall be made available for other mti_et'y_l_ aG_Y[_ oz' d/sposed of in
accordance with applicable Federal, state, and local ref_lattons.

8
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applleablo to the eleaninZ operations per_rmed us accordance with this spean

a. 29 CFR 1910

b. 4O CFA 60-87
,

c. 40 C_ 104-149

d. 40 CFR 141.143

e. 40 CFR 280.263

f. 4O CFR 350-372

g. 49 CFR 171-180

3.3 Pre_oductton CleAnse and Preservation Process A_omvaL .. Unless o_her-

wise speciiqed in the contract or order, the psrfozqnins activity or contra.,ctor's

i_acility m_y be respond by the _zant quality s_s,_ o_za_on

(NASA, Systems Assurance Office CRbI.SAO.B)] prior _ perf0m_ any .clea_" R

under tl_s specification. The Contrac_g Officer (CO) m au.thor_., d tos_p ..me ,.

Cleaning Contractor (CC) from performing any cleam_ us, mr uns specu2cauon u

noncompliance with the requirements of th/s specifl.catlon and a.p_ved proce-
dures are observed or suspected. The cleam_ facility may be rm_pected on an
annual basis at the discretion of the CO. The followin8 items shall be inspeoted

and reviewed:

a. Procedures, processes, land test metbed8 are adequate to operate the

facilities and equipment and to perform cleaninl, testing, and packafr-

ing in accordance with this SlNc_cat/on.

b. Maintenance of' facilities and equipment, such u d_m_ms, work

areas, loaistiO8 areu, and omcee to perfonm ekaninl, msCLn_, and

packaginff in accordance with this spsclflcs_/on.

c. Adequate supply of'=steisls to pmq_=an tutinf and pac/ultnf in

aeeordancs with this specification.

d. Personnel knowledgeable of procedures, proce_, test methods, proper

shop practices, and cleanmom protocol to demonstrate pea, Jbmsnnm of

cleaning, testing, and pa_ in accordance with this epeeLfloatton.

9
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e. Appropriate nm_ control and quality assurance personnel are on
staff to direct, mamage, and oversee the h_n_dlln_ and processing of the

parts, components, subaystems, and systems to be cleaned, tested, and

packaged in accordance with this specification and the hazardous
materials and waste assodated with the cleaning operation.

f. Record _._.,_,_e of _el training and control of cleaning
molu_on_and_ r_mdto_torm cleaning._ting,andps_eBg-
mg in aceordan_ with th_ _Uen.

Materials and methods not within the scope of this specification shall be used only
with written approval of the CO.

3.4 Component Cleaning._ _d F_mction_l Testing. - Components shall be assem-

bled using cle_ parts that have been inspected in accordance with 4.2.
Conformance to the applicable cleanlinesslevel,other than levelsgenerally clean

(GC), visually clean (VC), and ultravlolet(UV), shah be determined by the test

fluid-flushprocedure (testmethod I)for individual parts. A component assembled

from clean parts in cleanmom _cilitiesshall be certifiedto the cleanlinesslevel of

component parts. Acceptance inspection by analysis of test fluidflow through
flush (test method H) of assembled components is prohibited except in the follow-

ing cases.

3.4.1 Hydraulic Components. - Hydraulic components may be sampled by test
method 11 for pa_;iculate population analysis ufi]izing hydraulic fluid, provided the

component has been assembled using dean parts that have been inspected in
accordance with 4.2.1 and 40,.2. When specified, fimctional testing shall be

performed following cleaning and inspection. Hydraulic fluid used for particulate

population analysis and functional testing shallbe as specifiedby .theprocuring

activity.

•3.4.2 _mponen_ De_m_ed for Flow-_Phroug.h S_mD1ing. -Components specifical-
ly desired so nexther iubrica'todsurfaces nor softgoods that dan be degraded by

test fluids are exposed to fluid-flow paths through the components may be sam-

pled by test method IL

3.5 CleAqroom _--n-dWQrk _tatio_ R_ndre_nents. - C-'leanroom facilities and work
stations used for precision cleaning, cleanliness verification, assembly, and packag-

ing of cleaned items shall meet the rm_drements of_209. The deauroom
level shall be consistent with the cleanliness level requirements of the cleaned

item.

10



KSC-C-123H

September 25, 1995

3.6 Materials. - Unless otherwise specified, test solvents and packaging films

shall be as specified here_

3.6,1 Test Fluids.

3.6.1.1 Solye_nts. - The solvents approved for use as test fluids are presented in
table 2, with the maximum allowable NVR levels shown for specific test fluid

applications. In some cases the m,_;m-m allowable NVR level of the test fluid is

less than the procurement specification value; therefore, it may be necessary to
distill the solvent to obtain the required quality (NVR level) of solvent.

Table 2. ,._lvents, Maximum Allowable Nonvolatile Residue

Solvent/Specific_on
and Grade TYPe

Trichlorotrifluoroethane (CFC I13) ODS
MIL-C-81302, Type I.
MIL-C-81302. Type II

Perchloroethylene'
0_T-236, Grade A
0-T-236, Grade B
ACS SpectrometricGeade

Isopropyl alooho|
TT-t-735, Grade A and B
ACS ReagentC_rade ..

,m

Ethylalcohol
MIL-STD-1201, Type I
MIL-STD-1201, Type II

Trichloroethylene (TCE)
ASTM 1)4080
ACS IZe_mt Grade

1,1,1, Trichloroethane (TCA).ODS
MIL-T-81_3,
ACS, anhydrous

Note:
N/A = Not allowed
ODS =

I"

Maximum AllowableNVR

Procurement

Specification

1.57
3.14

40.6
162.4
8.I

20
3.9

J

0.1
0,3

73
4O

13.3
4.0

Test Fluid

10
10

10
10
lO

.J,, J

10
io

10
10

10
10

10
10

II

io
10

10
10
I0

N/A
N/A

N/A
N/A

i0"

10

10
10

Ozone depleting substances which will be illegal to purchase after January 1, 1996,
without approval by the United Nations Environmental Programme (U.S. EPAJ

11
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3.6.1.2 Aqueou_Based _Fluids. - Aqueous-based fluids shall utilize rea_mt water.

The reagent water shall confox_n to ASTM Dl193, type II, except that the
ment that the carbon content be below 20 micrograms per liter (pg/L) be dele_

a. _ue of constituent ingredients of the aq.eou_bas_ fluid shall be
¢ompsm_ with liquid oxygen in avcordan_ with NHS S0S0.1, Test

b. High-purltywater in a¢¢o_ with JSC_20, Grade A, is an
acceptable substitute for reagent water.

c. Under operation conditions, the resistance of rinse water shall not be
Iess than 50,000 ohm-era (0.2 microedemens) and the pH of the rinse

water shah be between 5.0 and 8.0.

3.6.1.3 Hydra_ic Fluid. - Use of hydraulic fluid is limlted to only particle popula-

tion analysis and functional testing of hydraulic systems and components.

3.6.2 _dsion-c_ Pa_ka_ !_lms.

3.6.2.1 Polyethylene. - Polyethylene film shall meet the requirements of L-P-378,

type LI, and 3.10.2.1.

3.6.2.2 Polyamide. - Polyamide films, such as Nylon 6, shall meet the require-

ments of 3.10.2.1.

3.6.2.3 Fluqrohalocarbo_ - Fluorohalocarbon films, such as Aclar 22A, 22C, and

33C, shall conform to AMS 3649 and 3.10.2.1.

3.6.2.4 Fluorocarbon.. - Fluorocarbon films, such as Teflon FEP, shall conform to

AMS 3647B and 3.16.2.1.

3.6.3 Psclm..gL, w Taue. - Tape used for the packagh_ of precision-cleaned items

shall conform to PPP-T_6, type L class 2.

3.6.4 Drvi____ and Testimr Gas. - Nitrogen gas for drying and testing of precision-

cleaned-items shall conform to MIL-P-27401, type I, grade A, or BB-N-411, type I,

class i, grade B, and shah be prefiltered as close to the endcase as practical to the

applicable cleanliness level. Helium gas construing to MSFC-SPEC-364 is also

acceptable for drying and testing. "'

12
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3.7 Rough Cl_uin_. - All critical surfltces of systems and individual comlxment
parts shall be free of corrosion, dirt, grease, scale, or other foreign matter prior to

the final precision-cleaning process. Typical process solutions for achieving these
conditions are identified in appendix B.

3.8 Precision Cle .anin2. - This method is used to achieve a level of product

cleanliness _ater than the level often detected by visual means and requiring
cleanliness verification by particle anal ye_ and nonvolatile residue analysis as

specified. Articles should be cleaned to level VC prior to precision cleaning.

Precision cleaning is performed in a controlled environment and is intended to
remove particles, filmS, |:fiological forms, and other forms of contaminants that are

usually not visible but which could degrade the product or process. The level of

precision cleanliness shah be verified and evidence of inspection and acceptance
shall be provided. Precision_eaned articles shall be packaged immediately after
verification of cleanliness or suitably protected prior to leaving the controlled
environment. Precision-cleaning solutions or material shah not react with,

combine with, etch, or otherwise cause immediate or latent degradation of the

item being cleans& Precision-cleaning fluids shall be filtered and controlled.
Their cleanliness level shall be verified as being sufr_ent to achieve the specified

product cleanliness as specified by section 4.

3.9 Field C!eaning. -Fielddeaning is often complex because the size and configu-

ration of large items make itdifficultto circulateor spray solutionsand to remove

them completely. Whenever possible, rough cleaning operations, such as pickling

and passivating, shall be accomplished prior to installatio_ Equipment and
materials used should be compatible with the system and noncontaminating.

3.9.1 Preparation Prior to Field Cleaning.

3.9.1.1 Avvrovats. - Prior to the beginning of the clea_ processes, all cognizant

activities or onsite agencies having jurisdiction shall be advised of the scheduled

procedures, and the necessary appropriate approvals and permits ahall be ob-
tained.

3.9.1.2 Decont_nfination. - All systems, subsystems, components, and equipment

that have been exposed to toxic propellants or hazardous materials ahal] be
decontaminated to the required level of safe handling prior to initial cleaning

operations. Under no circumstances shall propellant-contaminated systems,
subsystems, or components be cleaned or transported directly to a deaulng facih'ty

prior to decontamination. Decontamination shah be ac_m_lished by the use of

established and proven methods for the removal and neutralizationof propellant

13
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......_ -, .,,
re_(lues m ptmz v ..... J :,^_, oI_all _ dearly _ _ II_trk_[ tO __

operations_. _ _ __ _.._____ No items shall be a_pted for deani_
that they have been deeanra=mmt_ _-
without proof of _taud_tio--

3.9.1.3 _.,,-m:,o,',_pt _0 vsl- " AIl ma_ systems, oz' other related field
_m_ut comtm_ that ,,,,mid_ eui& orbe hsm_ _ _ __.t_
._ ._7:7____ _, _,; __ __-.a Drlor to eaeaning. Th_ mmponen_ _s2_. De
_teanln_ Oroce_aa_aa ,_ "_*'_'-'* _..7 _ _ : ..... J ........ +o _

.--- -- -. _____ :- ..-_-_=_ with 3 4 All removeQ _-= . _
T,Bb_ _ _'_"_ " " • Or

c_eanea _ _--_ .... De___.+,,,_,,-tion of the _
replaced by tem_ _p_ary.mm". _'".'__ ,__ __---l=oh_ as applicable, pnor to remov*
other related field equipme_ may ,o _-_-_--

at.

i _ .- • o= ..... Hsrdw_ - All temporary hardware necessary
3.9.1.4 .__ . _0 _._ _ .... :__. __.u I.. ¢omuatible with the processing

_^.r^_--_ ^r validate me cleamng proton.._ffi-_-
mate "-- - the subsystem, system, or other related field equipment thatjs to

nms _ _-=:-- ........ _ -- c_snear openings resulting _rom
be cleaned. Temporar_ namwur_ _,, _-_ surfa such as dirt,
the removal of components shall be vimbly clean of conmmi_tien,

state, and grease, prior to th_ installation of temporary hardware.

3.9.1.5 M_d-,_ of Te_mpor_ry Hardware. - All temporary hardwvxe installed in,

on, or attached to anitem to be cleaned .hall, be legibly mm4ted or otherwise
identified as temporary hardware to ensure its removal from the item prior to

final acceptance by the CO:

3.9.1.6 valldati n of S m In " Prior to e " . - Unless otherwise

specified, the integrity of the subsystem, system, or other related field equipment
shall be validated by a pressure test using water, pneumatics (_itro_m, com_

pressed air, etc.), or a solvent afar the installation of all temporary hardware and

prior to the beginaing of the _ process if corrosive or _ous fluids are
to follow. The system integrity test pressure shall be at least 110 percent of the

wor °r
.... - . _.- - -- --_--.--a*n_,_,a al, t=ll the WOrKlng pl-_u_

a mi_m_,m 0x o lZ_aUr_s. ,_- " - - " - " " ui_mmnt be exceeded
tt_0riginaI subsystem, systam, or other related _e_ eq

without prior written approval of the CO.

3.9.1.7 _v_,h Cleanin_. - All critical-s_s of subsystems, systems, stm_ °e

vessels, or other items in the field shall be cleaned to remove corroMm_ dirt,

grease, scale, or other foreign matter prior to precision cleaning.

14
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3 9 z ,-,,--,. . when physicalaam ,ffi,,,, ....

.t.^11 not OCCur _v - . -- -.._._.-_.. o.nrrosion-reeastan_ e_ o,___.
" " Or " _'_" " " or

_^_.4,_. _rlt bl_t_ag, _:_ __. _t etesl brtm_ gri_lad11_g.
I__' _'- " ,t_ K COrfO_ttttt- .

be dem3ed by brushing w_ ...... -_i. used on eo_-resistant steer

surfaces shall eontvm no xer_ ,,

be permittecL _tt t_ ,_ ---_,__t.-._h;.% blowing, or nmmm8 w,_ _--
from the item by vacuum _, _"

water_

3.9.3 Field Cle_in_ Fmuipment-

3.9.3.1 _" "The following equipment shall be

required for cleaning and testing subsystems, systems, or other related field

equipment by recirculation of the cleaning media in a closed loop:

a. Containers of. sufficient capacity to store, reta_ or reci_te the

process materials used on the item being cleaned.

b. Heating and heat tr_msfer equipment having sufficient capacity to
control and maintain the specified temperatures of the process materi-

_ls at the flow rates used. There shall be no dilution of _olutio_s dvx_g

heating. .

c. Circulating pumps, valves, and other eompenent_ of _l_cient size and

capacity to minimize pressure lo_ses in the cl_ system and capable
of maintainL_ the rec_red flow rates. Cleaning flmd_ shall be flowed

at a minimum of 1.25 meters per second (m/s) to ensure satisfactory
cleaning of the subsystems, systems, or other related eqmpme_t.

d. Calibrated flow measvxing e_uipment to measure the liquid flow rates

required te achieve specified velocities.

" - -- ---_f_ed in 3.9.3.1, spray

required for impi_ _g___ P_-_:,_-s_el_ or 1.,_e.diemeter pipe, that. _.c_xnot be d _e_a_
large items, euct_ as s.torage __:_:; "___ t _ be capal:)le of delivering prc_

by closed-loop cireutation_ o_,,,j _-_--_ ....... 15
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solutions to provide a spray pattern that forcibly impinges process solutions onto
and completely wets the entire interior._u'_._ of the item being cleaned. Rotat-

ing or tmnsven_og spray wands shah be u*e&

3.9.4 _e-"_,_ by CloeedJx_ Circulation of Solutlon. - The circulation of

cleaning solution in a dosed loop shall be used only on items in which the total
volume can be filled by the eolution and all critical marfaees can be wetted by the

solution. Equipment for use in dosed-loop drculafion ahall meet the reqmre_
of 3.9.3.L

3.9.5 Cl_,i_ by Solution SD_. - Items having a size or configuration that

cannot be cleaned by circulating a fltfid _ the item ahall be cleaned bY the

use of spray equipment. Equipment for use in solution spraying shall meet the

requirements of 3.9.3.2.

3.10 Protection of Cleaned Surfaces.

3.10.1 Envlro-mentaI Control.- All packaging operations involving cleaned

surfaces shall be accomplished within the same controlled environment as that in

which the item to be paaksged was sampled. Outer protective wrap, such as

dimple wrap, may be applied outside the controlled area_

3.10.2 Pro tect_gn Materials. _ Materials shall be compatible with the item to be

protected and shall withstand the specified environment for the storage period and

mode of delivery, including impact protection of critical surfaces.

3.10.2.1 Packaging Films. - All plastic films used for precision packagiz_ shah

comply with the requirements of table 3. Acceptance Luspection for conformance to
the requirements of table 3 shall be in accordance with 4.2.5. Cleanliness level of

inner wrap shall at least be equal to exposed cleaned surfaces of the item. Unless

otherwise specified, cleanliness of outer wrap shall be visibly dean in accordance
with 4.2.5.3.

16
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Table 3. Packaging Materials Thickness and Service Eeq _m_'__ream.ents ,_

Plastic
Film

Polyethylene in aceordan_'with
L.P-378, type H

n n|l a

Nylon 6 or equivalent pol.vamide

Aclar 22C, 33C, or equivalent
fluorohalocarbon in accordance
with A__8 3649

Teflon FEP or equivalent poty-
fluoroethylenepropylene in accor-
dance with ASS 3647

. . ,, ,

in MLic_ometorS

137 to168
(5.4to6.6 mils)

43 to58

(1.7 to _3 morn}

43 to 58
(1.7 to 2.3 mils)

13 to 508
(0.5 to _0 mils)

Use

Overwrap, except may be used for
inner wrap of items Seaned to
level VC

Preclm'on psclu_in¢ not for ]iq_d
and SMeous oxygen e,",dhypergel
service

Precision _ suitable for
liquid and gaseous oxygen and
hypergol eervice

Precision packaging, suitable for
liquid and gaseous oxygen end
hypergol service

m, ,,

Selection of a specific film shall be dictated by compatibility with the specified
service medium. All parts that come in contact with liquid and gaseous oxygen in

service shall be protected with an inner bag or layers of a fluorohalocarbon film

conforming to AMS 3649, such as Aclar 22A, 22C, and 33C or polyfluoroethylene-

propylene film conforming to AMS 3647. Other parts, components, subsystems,
and systems shall be protected with an inner bag or layers of a polyamide film or
a fluorohalocarbon film. Polyamide films have a higher resistance to sloughing

particles, while fluorohalocarbon films provide a better barrier to moisture vapor
and gas permeability. If unique packaging requirements exist, such as flammabil-

ity, elec_ostatic discharge, and/or hypergolic propellant compatibility, a plastic
film other than polyethylene may be selected fi'om the KS(] Plastic Film List

(Appendix I, Volume I, of GP-1098) for use as an overwrap material. All clean
film, including bags, sheeting, tubing, and roll stock, that is not used immedi'ately

after cleaning shall be overwrapped and sealed in an inner bag made from dean
film of the same type. All film procured dean shad be overwrapped with a second

bag of dean, 152 micrometers (pro)(6 mi!"s), antistatic polyethylene prior to

packaging for shipment. Roll stock shallbe wound on dean cores made from

nondusting plastic or metal.

3.10.2.2 Metallic Clg_vres. - When metallic closure plates are spe_fied to seal

flanged items, the materials shallbe precut and drilledahmfinum alloy or

stainless steel of 3.18 I_i]llm_-ters (mm) [0,125 inch (in)] m_nim,_m thickness, To

prevent dectrolytic corrosion, metals dissimilarto item flanges shall not come in

contact with the fl_mge. Refer to MIZeS"TD-889 for definition of dissimilar metals.

17

800"3DUd _: _I _6, I_ AON
IIII I II iiinmn I II



September 25. 1995

All metallic closures shsll be separated _m the flanged item with gaskets.

Gaskets shall be precut from a minimum of two layers of plastic _ ¢nn_-mlz_
to 3.10.2.1 or from a sheet of imlytetrafluomet_lene of 1.57 mm (0.062 in) mini-

mum thi_: The cleanliness level of mete]lie closures and gsskets shall be at

least equ_ to the level ofclesn]iness ofthe cleaued item being pro_

3.10.2.3 Plastic Closure. - When specified, sheet or plate plastic clommm may be

used to seal flanged items. Plastic elos_ such as caps and plugs, ahaIl not be
used to seal o_ of items with precis" n_mned internal suffams. The
insertion and removal Ofl_stie closures _merate particles that can invalidate the

level of clesnliness of the preciS.on-cleaned surfaces.

3.10.2.4 Protective Shields. - Flanged items sealed With plastic film in accordance

with 3.10.2.1 may be covered with _xdboard or wooden shields to maintain the

cleanliness integrity of sealed components.

3.10.2.5 Preservatives. - Preservative materials shall not be used on items that

have been precision cleaned.

3.10.2.6 DesiccaAt_. - Desiccant materials shall not be used except upon prior

written approval of the CO.

3.10.2.7 Tam_erpro0f Decal. - When specified, a tamperproof decal shall be

applied insuch a manner that the decal is destroyed when the package or closure

is opened-

3.10.3 P ack._n_ of C]e_ne_l Items.

3.10.3.1 Cutti_. - When clean plastic film is to be cut, stainless steel chrome-

plated or nlckel-plated scis_rs shall be used. The scissors cut shall be started,
and the scissors shell be pushed ¢arefi_y through the film. Sawing and hacking

actions resulting from Opening and closing the scissors shall be avoided to prevent

the generation of particles. Razor blades or other single-blade-type instrmnents

shall not be used to cut plastic film.

3.10.3.2 _!!_g. - Prior to Kual sealing of the plastic film bag containing the

clean component, the plastic film bag shall be purged with Kltered gaseous

nitrogen in accordance with MI_P-27401, type I, grade A, or BB-N-411, type I,
class I, grade B.

3.10.3.3 _. - An all-purpose impulse sealer shall be used to produce effective

seals with plastic films. If specific sealing procedures are not available, the
recommendations of the manufacturer Shall be followed for temperature setting

18
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and dwell time. Fluorohalocarbon films such as Aclar 22A, 22C, and 33C shall be

sealed on allsides when fabricatingbags. Fluorohalocarbon films shall not be

center folded.. Center folding may generate particles since fluo_ n films

tend to be brittle.

3.10_3.4 ]_et_iled Retrrdx, ement_.
• , a

cusmone¢ as apl__ . _ bubble . Sanaw_m _ :
_°..o,1 _.cl nmv be plac_ m a polyethylene . bag_._ ._a _skem A
"_'_" -'-.= • - • " items suc_ as u_z-u_v _ s.,_-- •

sandwich pa_ge conmsm ta_ _ is in a separate heat-
two sheets of plasticfilm in such a manner that each item

sealed compartment. Each compartment must be separable from the others by

cutting without violatingthe integrityofthe remaining compartments. Each

inner bag shallbe placed in an outer bag ofpolyethylene with a tag in accordance

with 3.11. The outer bag slmll be sealed in accordance with 3.10.3.3.

3.10.3.4.2 It___R l"_,te_nally Cle -ned 0nly. - Items cleaned intsrnaUy only shall
have allfit-:tmgsand orificesleading to the intexnally cleaned surfaces sealed with

plasticfilm in accordance with 3.10.2.1. The plastic film shall be secured in place

with tape conforming to pPP-T-66, type I, class 2. The adhesive backing on the

tape shall not come in contact with the body of the item whenever possible.
Tamperproof decals shall be applied to the sealed fittings or other orifices in
accordance with 3.10.2.7, The sealed fittings or other orifices may be cushioned

with protective film as applicable. Small items that have been cl_ned and sealed

shall be placed in an outer bag of polyethylene and sealed in accordance with
3.10.3.3. Each sealed fitting or other orifice of large items shall be overwrapped

with polyethylene. Identification shall be in accordance with 3.11.

3.10.3.4,3 _: .... , ...... _ ,Iosures conforming _ ;i.lU.Z,z or
surfaces shallbe s_ateaw_ gas_e_ _
3.10.2.3, A cleaned gasket shall be placed over the flange face followed by placing

the _closure.,, - -,--.' '-- "_ehtenea r_ the recommended torqu _ .-= __
the flange nozes .aria _ ____r_-.*eel The completed closure shah _e over-
type and szze at me a_._cnmen_ -_ ,--" .., ..... conforming to PPP.T-66, type I,
wrapped with polyethyl_e an a _ wlua m_ .e _o rave shall not come in
class 2 Whenever possible, the aanemve oacmam _--- ,r-

e hod of the item_ Tamperproof decals shall be applied to the
contact with th Y. -- ---_. in _ Ms_ddne _ be in aceordsnce

sealed overwrappmg m accorasnce wz_a o ............

with 3.11.
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3.10.3.4.4 _-q,___'._l -__ Electronic Items. - Electrical and electronic items that

require test_g after _ shall be pa_ in au _ bar J_Bled _ a
manner that 81rail perm_ 8mines to test points, such as leads and connectors,

without violating the. integrity of the inner bag. Exposed item& such as leads and

connects, shah be cushioned as required- Each inner bag ehan be placed in an

outer bag of polyethylene, sealed, and marked in _ with 3.1L Tamper-

proof decals shall be applied to the outer bag inaccerdance with 3.10-2.7.

3.10.3.4.5 _-se --d Tube Assemblies. - Hose and tube _ that have only

internally cleaned surfams shall be sealed with plastle film in a=ordanm with
3.10_.I. The plastic film shall be secured in place with tape eo_ozmi_r to PPP-T-

66, type L c.lass 2. if praeeeal, the adhesive becking on the tape dudl not come in
contact with the body ofthe item. The entire hose or tube assembly may be

overwrapped with polyethylene film as applicable.

3_11 Identifi_tion ofC-_me d Items. - Appropr_te certification tags shall be

placed between the inner and outer bags or layers of p_tective packaging film
where practical Where the tag cannot be placed between the inner and outer

packaging film, the tag shall be enclosed in a plastic bag or between layers of

plastic film and securely taped to the outside of the package. Tags shall be
serviceable and of s_ent size to contain the foHowlng information:

a. Part or identifimtion nmnber

b. Contractoridentification

c. Cleanliness level and number and revision ofthis specification

d. Date of cleaning

e. Manufacturer's serialnumber

4. QUALITY ASSURANCEPROVISIONS

4.1 ._s_nsibm'W for__on. -The eo_t cleaningorganizationis_pen-
siblefor the performance of allinspection and testingrequirements

herein. Unless otherwise specifiedin the contract or order, the supplier may use

his own or any other inspection and testing gaci]itlee and services that are

acceptable to the CO. Inspection and test records shall be kept complete and,

upon request, made ava_ble to the CO in accordance with the provisions of the
contract or order. The CO reserves the right to perform any or all of the inspe_

tlons and tests set forth in this epeei_cation to ensure that the end item conforms

to all specified 1_luimments.
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4._ Ae©eut,,_ InAue_au. - U"leu oth_z._se specified by the CO, scceptan_

_pect_on _all be perf, rmed u jpe:LBed herei.a

4.,._y_,,,-,_n,_._or_-_ s_=s of_U,,.--_t ,_._=,t_ th:,.__--,.

' PO "" " , shall be cauN for
d/_oees a .article population ZreatJr than t_ level s_ . -- ,, __

 ,oo, "--
pormitmd provided no weld v.ale or or_uer eo

4 2.2 Acidity and A3k-!;,,;ty Test. - All sudaeas that haw be?n cleaned _ be

final water rinse. Dry surfaces of cOmpLemd items _ _ we_wa ws_ _ ,,,..-
drops of ASTM Dl193 type LI _a_nt water to permit tos_ as reqmro_, w_n

tested, the pH shall range from 5 ta 8.

Items clea.ne_ m a con_ruueu e_vuv_,_,,,, "" .' " .... '-'- -_---_-ess level
and/or level UV, shall be tested for c_ormanc_ _o me appacame c,,_,_-

by thete_t fluid.flush procedure,. 4.2.3.1 to 4.2,4.4.

4.2.3.1 ._.2._._, "The test fluS& shall not react with, combine with, etch, or
otherwise cause immediate or latent degradation with the imm being tested and

shall be selected from those specified in 3.6.1, unless otherwise approved by the

M&PE. The test fluid ahall moot the following requirements:

a. The test fluid shell be filtered of particulate greater than 1.0 pm and

shall not ezceed lO m_/L of NVR. For particle analysis where NVR

analysis is not mqui_ed, the mmdmum allowable _ l_vel oF the teat

solvent shall not ex_ed 50 m_L.

b. IsoFropyl alcohol and ethyl alcohol 8h_ not be used as the t_Jt fluid for

oxidizer s_s_ms and hardware.

c. Subn-action of the test fluid blank parade oount _om the test sample

particle coun,_ shall not be allowed.

21
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d. The q_UW of the teet fluids ehA]1be vez_fled st last, once s day prior

_to use.

m11awt,F_,l_JolrOSZ%IUO]mo_ _'_'_., " .....
i. us. mu ed sm sm tMs me.

lpprovedbythe co.

4.2.$.2 Tee _ . ,, ......... . --.,_--I• COSale fluah_. "L'nOOvv-m.s.,
• milliliters Cn_L) of _s_ -_ _o ena=- =- y,-_- .u_t_a -- -, ^ • -' ," s mwd-

- . ,..J _L-SS .--...msa,_ t & mlmms_m Sl,1,.s'21$_ _ _ V.A _ w _
i&mDlO of tear, LLmU _ "I""'"- • _ .... ,, _-- -'- - _--"
_...i ..,,,x ,,: '!_,_ test d_Id Volume required for OJmtylM ..._au De a_pmmm_-, _
m_.,_ .....--..-.:- -,--- ----,--.-_ _..wee where -11 critical ez.-sa_e _ oe
u on the analyti ........ , ._ .... _._.._ .,_ o,/ms 100 mL or

P " of tol_ nine. a.uu _ _-.--,, _ re_, ,

lens of test flush, a l_-ml_ IS,repro ox bum, .,,.v -,.---
of crikice] surface area if approved by the CO.

4.2,:].3 Test Flu_d.Flv,h Procedure (So|vent_. - The/lutd-tlu_h procedure shall be

as follows:

flushthecleanedxt_morz_ma m ac__ ,-,_, --------

appendix A),.

and hoses shall be f_hed Ln a_'ord_mee.wi_.edtber _e_ memos&or
ee a endix A) Where nus_tng anus no, ruv .

l;est .method 1I (e pp • " " " end the tnudl s_m

shell be mantudly eaazen m"t'oum.un w .._ _'." ,_._,. ,t,I yes|el can
Lar_, dL_dt,-to-flush i_ma may _e pomuon_u ,-w--. ,--
be fiUed from the bottom and overOow_i from the top.

c. Catch the test fluid in t preclsion.clelmed eontaiam'.

d. Immediately upon the completion of step c, d_ the tented tWma in
accordance with the applicable dmmlng ps_Kiure.

e, Semi enal_eal methods specify other test pzemdume (tee spmndis A),

22
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2.34 A_vslt of Test Fluid-l_--h .qimnle fS_Ivent). • When a solvant is ut/llz_
' -:" 'J forparticlepep.lati 

approved by the CO.

4.2.8.4.1 Particle po__,l_.tlon _wd.s (_g__|v_.t-Flush% - The Iolven_fluah sample

shall be analyzed for particle polm!.ation u follows:

4.2.8.4.1.1 Micro:_i_d Particle Pomdation.. Particle analysis shall conibrm to

ASTM F312_-A sample preparation and analysis procndum is provided in

appendix A.

repeatability, which correlates w_m accepm_ ana_yuca_ memou, as_ _,,,,,

approved by the CO.

4.2.3.4.2 _ Analysis (8olvent-F_ush). - The solvent.flush samples that have
been filtered in accordance with 4.2.$,4.1.1 shall be analyzed for NVE by one of

the following methods.

4.2._].4.2.1 GravimeWic _ ._,ly_is Method. ; The filtered solvent sample shall

be evaporated to determine the NVR content in acenrdance with ASTM F_31 as

discussed in appendix A.

4.2.3.4.2. 0. S0|wnt purity Meter. • The solvent purity meter shall be Model

8P-1000, as manufactured by the Virtis Co., Gardiner,. New York, or .equivalent,
that has demonstrated accuracy and repeatability, which correlates w_th accepted

analytical methods, and is approved by _ CO.

4.2.3.4.2.3 tv_fr_rsd So_ctrouhotometrtc _/_.elvsls Method. - In,mind (IR)

sp_ctrophotometric _ analysis or"solvent samples may be u_ed if the followin_

apply:

a. The method quantifies hydrocarbons and other eon_0_tnts which are

reactive with ]iq_,d _,

b. The analysis method has demonstrated aeeumey and repeatability and

the method is approved by the CO.
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....... ..__:___ _ _ u t011om.
4.S.3.6 "- .... _r_ _r _ popu_uou
nu_ .amp1.,._u os ..--- , _ of

4.m.$.4.1 ,+my cm ,,_- ..A .m_l_ll _t_. _,_.,--I ,,,+_-, I_1 _ _"

__.._+, _,,_-_ ,,+_ _ ---
l_l_mC_._, - _"_: , .

_be Co.

. ,-+.-.-,._. -m._. +.p._.'_U_.._ _._

- .M_r _s_l_ [or pertirJ* popu_a:o_ _ ...... ,
4._,_.6 ]_i_... dried
and peru sh_U _ • d _ be _ied by s

...... nent_ and p_ _,.. • ;_...-.1 surfaces of
• . ,_ _,_i,- . . Ths mur_ _---'-" . •

purge o_ _l ._r_u __ _+__ tube aesemblte_ _ ". _...,..._ordln_ w_m ,

ill i, Iv* _U

4,2,8,6,1.1 e_x__ • ,._' _PA fllt_rm, , ....
drivers equippeo ,ram s_ - ,-_ -----nt wa_r which p._m_...

.... . _ i_mJs rinsed, wxm .r+_,,--_._+, m' rme+e,ppaudix

be _isu_lly inspec_o _.w v ........

A) br ,ur_ace _oisture. . - " fest_w,s (sue.h as wi_ mesh A_r

elemen'.s and ._ne..m_.:...!. the _s_s shall oe a.,_T", -_ _..,msndiz A.
..'1,,,..11%Al_r ,4 Wl.tJ_ us._ Sz"___." _ e.m I:e$ _ {LtSCttSm _' ,_r_---

(Zry...'_;v,,+,+,.,-" . [tm_l, l'ur.,o, u ,,,,,..-...,,,,
_._ .r _mm Clmml___L. __ _or_u_m W the

i g,_ _o,_ ...m,-... _t..z,n"tootmt]_odI or toa,_,....1,. __.0_,

_.P_ ,- - ,- --_.z_lLt e_+. ------.- .... ._J .r _mmmmnll _ t, st
descrioeo m -_ d by t.ba memw -----"-- -
oZ'the i_e_ b._g cleaned an
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q
4.2.4.1 _ "The test fluid, shall be in a_ with 4.2.3.1.

8DIe wst uulta smgu im us_,_,,,_.., r--

pnof to emg
the CO.

..., ,,, ,..__ __.,-, q,,._.. _,Lt.. All crlt/cal

4,2,4.2 . T_:.. ,s _ .,_ ,.., fluid ualeu eee_f_l etherwite. The

600.mJ., umple ox me=,u,.,-,,, ,,,,,-- -.. r .... ,__,, ....... * - minimum
however, for anaIy_cal purposes, the 500.rex. sample smuA repre.-,_- - -----

• I e •

surface area of 0.1 m to a mammum of 0.8 m.

4,zA.or,,,,._:lepo,,,_.eenX,.._a,. -Ea_ ee=ple_ be_,t,,d rot.p.,5_.'ee _

_1 m' shall be determined on ",.hebuxe of the proporuonat mum ,u._..

........ _.. ,_-,_o shall be deterafined in aceordanm with .
4,9. • I:_,._AI_S: , - " _- J-'---_--d on the basis of the p_opertional
4.2.3.4.2. _ per O.1 m snau ve _e,_a,,,
er/tieal surface area.

4.2.4.5 _. • AU items cleaned in the field ahtll be dried in accordance with

4.2.3.6.

4.2.4.sMain_.im.'n_Clomxline....-The_.._r or_t-,.U.oni.s_sponaib!Pi_t°_'s
maintaining the _ea_.linees of xtem_ and systems cteanea m me ,_eto ta,UT_.
received or accepted by the centraddng orl_u dzation-

. _ lies shall be maiutedne¢l, Under the _,et IM" and flex hoes assemb , •pipe, tubing, ch ( rag)] uaKl gel
to 34.6 kPa [2 to 5 pounds per squsre in P4P Ppurge of 13.8 kPa . ' " 6 4

porte, orifices, and fittia_ are sealed. Test gas shall be in aomzdsn_ with 3.. •

""-- t for elesm_ tmmr m a._.A.o
subs stems, systems, and related fl._.d equipmea . _ _ _ __,__Y oo_ _ mmr r_m
through 3.9.1._) 8hatl be r_b, ced with clmm function_
eubeystem,.systsm, or related field equipmen, t has been vefifSad elaan. Prumdures

and practices shall be established to maintain e_Jtem el_. AdJa_nt,

replacement. Where practical, the hardware reptteemeu_ _ _ _..,,.',.'" -" a
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controlled envimn_mt, which _ be pl_vidod by a portable cItanroom (tent) or

similar str_ure,

4,2,4.6.3 C0m_o_Ant Reulacement. - P,ep]Ju_mm oF_nL_ional eompenents in
elesn systems shall be in accordance with 4.2.4.6.2.

4.2.5 ___.___v_Jn_T-_-E-=--_-=*ond Pn'_lk''h'_ .1A'a_Wl_mla.

accomplished within a cloam_m mnformtnZ to FED._I'D-_M)9, wh/_ se condstont

not to contaminate the pa_ n_tena_s, which should be nomd in an area

with peeper cleanliness mt_p.

,,_in, _ m Lianee v,'lth the cleanllneee roquu_ment8 of 3. • _ _P
___ _o p tion sush as ruble, fiat _olI stnek, sheet,
of"one type. one size, _andone con_gura , . erud
and fabrica_d be_s offered by one man_aotumr at one t/ms, shall be consld

one lot.

4.2.5.3 Vie ''1 t.suec_ion. - No evidence _oil, solvents, pa_._, l_aN, dirt, ink,

+udaces or the internal ,urfaees of peckagi_ materials w_en mepecuon _s maae
with the unaided eye.

precision packs_-ng sh_11 con_'or_ to the li_/. ape '.l_ed in ,t_ble _ _TmCl_ S..l++
measurements shall be made with a mcrometer cauper navm4i a ua+ any.._m

capable of being mad to the nearest 2.5 _un (0.0001 in),

4.2.5.5 Verification o_ Cl--"lJness Level. • All plastic films of one lot shall have
the cle_iness level verified prior to use.

...... - • +- e...,_... The m+s_+mssm _11_aHot l_t/t_cl_
4.2.5.S.1 1Vri,4m:,m Qnu .-°_ uunace azea ,,+ ..... -.... , .... ,.__ _s__, i_..
surface area for verificationof'clean]h_ level shall be 0..i.m. _ _ u,
accordin_ to 4.2.5._, ezcept that additional sample matona_ n_m _e oner_ so_

shall be uaed when ne_ens.-y to make 0.1 m'.

with properly eleau_ tools, a _an_n eonn_}_nng, w.._/.+__+,,,._-_,. -...:' . s,.o by
and eealinS both and.. Flat _ _,._ and s_ _ o. mm__-- _--__-_ _ _ .
cuttin_ out a jeetion with an a_ea contbrmln_ to the requn_m_u o_ _,.+._._,-,
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l,_.,,IkW.ll*J., l,a.ah, _shall be m accomsnm w_ ................. that _e .xposur* of
De l_nGma m a ZZL,,.u,.u_ -----vlth 3 10 3 3 .41.1items -- - " .... of the ,santa'.sly

"'" . " . .... _ II_I_CLIlil. Vim _+

Ulded tilil; bag lhIW. be ,.'_l on io _.1_,. _._ i.=---,,

(o.75 in) in length ia c:eat.d.

' ' s _m.m 4+ _ etmmlLuou _ of•...,,e m.-,,..,,m,,,-+,.,.-.-Te_p_a.._ ..... .v,_..,,,,...,., .,.. o.1+' or
I" I'_ ...... _- ..--.+ m..,+,.., ,,r,_ _ TI'I;LO el ',J.t,,IU _ w. u._._..+ if""

l:LlOd U TJSID Wok --u_-_ -,-4+3.3.1 _ be .... ,__ _,.4_...._ eJudlbe used.
critical surface ares. The muoww.l _ J-"-"---

a. Introduce Wet fluid _to _ maled bag through t_ pr_viou_ly cut

op_ning. . , " •

b. Close the bag by fold_N_ over the cut comer, , , '

c. Gently agi_W, the test fluid within the bag for a ,m,,,m,_ of 15 sec-

onds (n), weUnnl all s_a_s.

d, Pour the used test fluid ,In_ a precision-cleaned beaker, taking care to

exclude airborne eontaunmatlon. . .

e. Analyze the test fluid for particulate population and _ m confer

manes with 4.2.3.4. . .
. ., ---,+.--. i,, 1P,,_,,,,l'_'m'snlTest.. FI.u3..c_o'_ml-,,.to,e31,su _c.h

4.2.6 cc 1: ,.. _ ,- .... ---+-.- --sambllee, vessels, and, instaUed
as valves, regulation, c.yLm_ers, n ex_osu, _= _"_.." . .
systems, shall be i_nctionally tesmo as epecme- ,,,sou,

4.2.6.1 _librated Tnet_,mcntation. - Test parameters, +such me l_oem_'e, .t_l_. re"
tu_e, time, voltage, current, and re,istance, shall be monitored and rseeed_ usmg

" 'OD sJ:lAli De C,ILD_"at_ "_'q_ .vmstrumentati . ol (NIST).
able to the National Inetitut_ of 8C_ndarck and Tecba oily

hUes, vessels, ano sys ._a_ns ms_ I_L_.___---."- " " test fluid at
• • . o ratio, ustml _ appropriate

the final or precsmon elmtntn_ pe
specified temperature and la_Ss',ure.

v_vee, agitators, am_at_.:_L_p"_.- ,,"_...:.,_ ,_m _ ,,'frozen
in accordance with 3.4 and ahau _e mncuomu,_ .o. .... . ....

27

moA_:_ _-AZ-TI

_iD 14WOD SOH 3S'>4

zseo ;e outf_,oq :woJ4

PEE$ /_98 d_eP

_.[A tT+.qTA_.:Ol



KSC.C-t28H
Eh_ea_r _, 1996

_n/'om=_ to 3.0.4 u=lou e_,hsrri.M specified. _ wm_t wilt bs tNt_L st

th. e_.d cm_dm_.

_.,0e_-__-- • - *--' ,t_lSOWptS3UmSJ_navwu_"r•---.,.;nedo.._t7 ueursnm tes_ ,,,_._ __,_. of_urat/aDalnu/_ shawthat_e
"_' , _ _ wlsqm anmysm "_"- . that

vee_ fluid dems no_ _ se-_, -_. -_ _, ._.......,.... ]DorseIaan,_ ore7...... ...,=..a' .., =ees_ta_Lemy.- w _ shell
OllilVlll, lZlli nmm_,_ v. --- --_-*-

st th_ dlsmt/ea of tim GO.

.3.1 Su_,v_ , _,----, .... ..a flO,x e_,.h ILl aslia _, amsr_ _
nf fl_Ld ste_uon n_ meu_._ .' ..... _ _:--etsr _ltore. e_c. uysu.ms

orl_ces, abrupt, e_e -w__ p_e I,.,m.,.vevudby _amv_ _ or mo_ __

tire items, ._ ast.upingam_.] _ _-'-s_.ordanm with 4.2,,$. Three
_,,,_=. to,prom=,_o_5__o_-_:-__po== _ •-,"_ "_ ,_.o_.
operations (componsn_ auemuu,, _"'_+_ eontaminaUon t]mt may cause _e
in a component from a _,e_m_ _'_'_,.,_'_"."._._^.,..et clelmlh_ee level.
¢o_ponent to fail the or/ip-u_ ce_.]_au_ w._v.----

_eanline_s of the fluid delivered, t_s_4 shall be perfomd in aecm_s_ w_m

test method IV (appen_ .4,).

5. pEEPARAT_ON FOR DELI"v'ERY

5.1 _eservat_on end Paek,_l_. "prese_ation end packagi_ of clesned items

' shall be in aceord_ce wi_ 3.10.

_.2 _.+ - c_m. o._,m= __,._+,.,,,+.,,,,i_ ,_,_=e. C=.emo=nlrm,_.,
Z_.aj_LSDLO I_0 DOnv,_t_..._'.---"_ ,sh_li be no ........... and _imilar materials that pnersu_ Large

uch as excelsior, am.e_aeO newsp_p._, ....
s .... ,.... _ _--ru shallnotbe s_sp_aO1e.
yI_LDID@FS O_ pSY_P.II_U _ a6_.

• . • prsaden-dmned....... _.,._.-...,+'._,,_ _m_ _1, p=kaeed " C_
.+._.;__ _,_-'_": .._....,...
_t_m, .hall be remov_ _ _'_T,,_,-L"th_ item and pray.at dSsDs_ Io us. _"

_,..w_.. • n,==e,-_,,,___.,="J' i"_'_--_ _ mm_mmyp,c.po
material ann]] be used to 8epe_at_ and to

items.

,.'.' .,',

,,' "_.
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s.u Q,.t, _...+om_o- oft_ t-.=:.- u.., o+._,_ +___,wo_+ m.
.mord=oemm a+1o,h_ beplaid on,_d, orp_+_;._d,,,p._..to,,,ppo?++p__
n_,._ _-i_ _ dama_ during bandltnli..411 items slaau _e _o w me
.%,",q.--.__L..o----_.. +.ol_, s.ir_bl _o_ and cwhioMd steel St_l.,, __mL_s.us u+ j_m.l.lo_ _j _v . Y

rock, or lumber holddowns. Cu_blo=dzq__ be phmd be_**n th, i_m and all
support point_ and the bu, of the skid or dolly to prevent ph_ad dnm_ to the
itAIm.

_.2.3 Oi's/_ Bhloment. - Pack/n8 of' pme/sion.elsansd iWms/in' a_lW shil_mnt
shall be in ao_m with kval A or B M M]L.STI)-20T3*I or MII,-E*ITIS_ as
a--licable to the type o£ item bsix_ packed. Level A packi_ shall be used when

_,v nditions m indeterminate and may involve outdoor ,Wrap, level Bstorage co
packing sb.sU be used when hsJ_dll_ under cover and wa_hotue storage _e
probable.

5.8 M_r_n- for Shivment. - 8hippir_ oontainem shall ])4 marked in accordance
wlth MI_-STD-129 and shall include special marking in addition to _ specified
in bflL-STD-129 to the efl'oot that precision-cleaned items are contained therein.

_. NOTES

6.1 _. • This specification establishes the deanlines, levels and
,1,,,,;,,, -.roteetion and ins_etion pro_dums for surtkces oJ_parts, _ompo_nents,

service media of launch vehicles, spacecraft, and associated ground support

equipment.

6.2 _ Data. - Procurement documents shall specify the bllowin_.

a. Title, number, and date of this specification

b. Cleanliness level and test/ng procedure _quimd

c, Whether prel=odu_on approval is required (_e 8.3)

d. Whe_ _c._onal tesUng is requt_! on item _ed/'or
eleanini (see 3.4)

e. Whether special preNrvat/on, packaLd_, packl_, and markini; are
required beyond the requirements o_sect,s
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$.S _.

a. _,_&I. Accuracy k how e/os, the messu,'sd value is to the "true"

value.

b. ,,,mb_,. *---._b_'" moor _ _ _,_. a _-_- =__
_--- ---.kle of _rnn_ a dofl_ite fluxion, rot mpw,

_LTMT eJJ_snT, nnusu_. -- ---,.

c. _. Abla_therestdti_a___...s_looTthet_tflttid

prior to use in pe_orming a cl_u re,ration tJs_

d. _, * ==point i. _-_e. _t _ u.o_ny • __,o_
of parts, eubueemblies, or 8uembliee and is a eett.mnuunea elen_

within complete operatinJ equipment.

e. Cond_,_e__ble Hydrocarbon. A condensable hydrocarbon is a hydrocar-

bon capabl, of _ from a j_uouJ to a liquid or solid state at ambient

temperature and prevailing pressure.

f. __riti_ Surface. Ally su_ace 0_'an item that contacts the critical _
service medium (liquid o_y_en, pneumatic peN, etc.) _s.considered a

critical sur_uce. A critica_ surface is subject to the eleanm_ procedures

and c|ea_inees requlrement_ of this sp_fleation.

g. ]_w_. A dewar is a double-walled ves_l with the a_uular space
between the wails evacuated to provide insulatioD.

h, _. Dewpoint is the. _mperamre at which condensation of water

vapor takes place at prevailing pressure (usury atmospheric pressure).

i. i_._£, A fiber is a nonme_ie, fle=ible structure h_vin_ a length-to-
width ratio of 10 to 1 or eroa_r.

o_ lsrp e_mponant_ and systems which cannot be _ m a con.
trolled environment such as a cleanmom.

k. Fled. For the purpose o_ this specification, a fluid is d_ed as a _as

or llqui_
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5 OAn_allv Clean (GC_. Generally dean (GC) i| l_sdom fl'om manufae.
turinil re_lue, dirt, oil, gmau, pmeN|dnlr debris, or et_uR" _tmnseus
contamination. Tide level can be aehlovsd by vashti, w/p/n_, blowing,
v,euumin& _, or rln_tng. Th/s Im_l sh_ not be des/gnated for
hardware that/I sensitiw to _n_-_,_t/m_.

m. H;-_-Em_-_ Particulate Air (I-_PA) Filter. A HEPA rotor is a _Itsr
that is at least 99.97-pereent em_ent by volume on 0.&m/stun part/sloe.

n. _ Ahy_boni. ano_rankem_mn._t_.xdu-
sivel7 of the elamontJ of'era'ben and hydmpn.

0. Hv_t_olic _ell_ta. Hyl_r_llc pml_l_ts are m2y tirol/catalyst
(monepropollant) or t_el/ozidizer (bipropellant) combination that sponta-
neously ignites and is used in propelling a rocket.

pm
_. One micrometer (micron) is equivalent to 0.001 millimeter,
0.000001 meter, 0.0000394 inch, or 0.0394 rail. (One nail is equal to
0.001 inch.)

qw
Nonvolatile Residue. Nonvolatile residue is soluble or suspended mate.
rill and insoluble postulate matter mma/n/_ a._r temperature-

controlled evaporation of a filtered volatile liquid.

Q_idize_.. Oxidizers are commodities, such as liquid o0cypn and n/_o-
gen t_trwdde, which when combined with fuels (liquid hydrogen and
hydrazine respectively) constitu_ the propellants for rocket engines.
For the purposes of this eped_cation gaseous oxygen and breath_ _r
chaU be c_nsidered ox/d/_ers.

_. P_._. A part is one piece of two or more pie_u joined together in such a
way that it is not normally d/sassembled without de--on of the
designed use, F/tl_._e, 0-rinlp, and poppets am nornu_y een_idered
parts of _ valve.

t. Particle. A particle is a unit of matter with obee_ahle lanllth, width,
and th/clmeu and is usually m_sumd by its latest dimsmion in
m/ammeters.

U.
Parts _er Millien (_om) by Weiaht An absolute wolffht mla_p

expressed on an equivalent basis in any we_ht unit. The user may
employ a weight unit that is eonveniant. One ppm my _ 1 cram per
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million _, I pound per millionpound_, I mitl/aram per 19_r (ap-

pro_oA_ly), etc.

..... •"- -'---tion k the _ b_ which a :xTosive.meisti_t

solution.

tango of 0 to l& A pH _ below 7 b aca_c, p_ _ : n_-,

pH above 7 is alkaline,

x. _. Plckli_ is tho'chexnical or olectroehendcal procsss by which
surface oxides am removed from metals.

y, Precision Clean/nL Pmaiedon cleaning is a elaanin_ process used to
achieve cleanliness levels more stringent than level VC,

z. _p.q.q__. Repeatability is reproducibility to acceptable level of
I •

precae_on ....

an. Roueh CleaninL Rough cleaning is the cleanin_ process normally used

to achieve cleanliness level VC.

20 _m) of su_cten_ quant/ty _ _u_..a ]_eor o_ or _y poruon

of' a L_ridline or any portion of the grid ot a _dter mommra=e when
viewed vteuaUy or under 40-power mmdmum magnification.

ac, _. A subsystem is two or more as_mbl_ joined tugether to
pert'onn a _te function, A subsystem should be capable of indepen-

dent operation when interconnected into 8 system.

ad. _N£1ll, A system is a series of subsystems joined together to _ a
definite _un_ion.

as. Test Fluid. Test fluid is either a liquid wlve_t or an squeou_ solution
_at is utilized to detomdne fluid system wetted-surJk_e cleaz_b=ess

level.
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af. y.1;date/Vallde_ion, Yalldat_v£idatlon is tbe pm_ee or method of
provin4f that an item subsystmn or system dose meet the speeiflat
requirements (rot muunpls, to validate the tntezrity of the system).

ag. Veri_/'v'm-iflcal_L Yeri_y/vertflcation is the process or method to
emcablish the truth, accuracy, or reality of'tie dsanlinsu level ot' s
cleaned item (for muunple, to vm'ify the cleanliness level of 8 eyjtmn).

ah. "v'is--nv C1_- (VOW.Ylnally dean is the 8been_ ot_U par_culato and
nonpart_culate matter visible to the normal unaided (ezeept anqqeted
vision) eye. Partkulate is identified as matte_ of miniature size with
observable lenf_h, width, and thickness. Nonpa_eulata is normally a
film matter without definite dimension. This level, with the aZcal_lon
of the orbiter payload (ca_o) bay, payload canister, and payloads,
requires precision.cleaninE methods but no particle count. Level VC is
commonly r_ferred to an commercially clean.

aS. ¥i,,,A11v Clean Plus Ultraviolet (U'v_. UV is visually clean (VC) and
inspected with the aid of nn ultraviolet light (black lisht) of 3R00 to
3800 angstroms wavelencth (3,2 z 10"_to 3.8 z 10"vmeters). This level
requires precision-cleand_ methods but no particle oount. Fluoreseents
indicate possible hydrocarbon oon_,_nAtion. IF reoleanin8 fb.i.ls to
remove fluorescent indications, an investifration should be made to
determine if the item material is naturally fluorescent.

aS, Volatile Hwirocsrbon. A volatile hydrocarbon is a hydrocarbon capable
of going from liquid or solid to a gaseous state at ambient temperature
and prevailin_ pressure.

NOTICE. The Govermnent drawing, specifications, and/or data are prepared for

the ofScial use by, or on the behalf of, the United States Govermnent. The
Government neither warrants these Government drawinp, specifications, or other
data, nor assumes any responsibility or obligation, for their use for purposes other
than the Government project For which they were prepared and/or provided by the
Government, or an activity d_rectly related thereto, The _-t that the (_vernn_nt
may have formulated, rum/shed, or in any way supplied the said drawLnlp;,
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speclfl_tions, or other data is not to be rekqnded, by tmpli_tion or othor_m, u
lieonaLn8 in any manner _ holder or a_v oth_ person or wrpomtioa, nor
conveying the r_ht or _slion, to msnu_n, u_, or _I any pa_utad
invention that may rela_ thereto.

Custodian: Pre_ _tvt_.

NASA - John F. I,_anedy 8paos CanCer
Kennedy 8pace Caater, FL 32899

•John F. Kennedy Spare Center
Materiak _ian_ Dlvkion
Lowly'din Opem_, _t4
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%
APPENDIX A

SAMPLING, ANALYTICAL, AND DRYING PRACTICES

' . .,_,"

A.I SCOPE

This al_sndix providesthe sampling and analy_ml methods _ to
verifyc/eaW_ess levels,aswell u component _ praet/ms.

A.2 CLEANLINESS LEVEL TEST METHODS

A.2,1 _- - Liquid flush test fox'particle population and _ remain-
ing on critical surfaces of items cleaned in a controlled environment shall be
performed in the foUowtng manner:

a. All items, except those processed to level VC, level UV, and/or rough
clean requirements, must be sampled.

b, Parts havin8 surface area _,eater than 0.S m s must k flushed with
100-mL maximum per 0.1 m s of si_ifleant surfaeo area. However, the
test sample _lume shall be 500 mL and any _u shall be discarded.
For parts haviN an area less than 0.S m', but _ater than 0.1 m s, a
800-n_, sample is censidsred mprnentative of the actual su_am area
of the part being sampled.

C. Small componenm, fittinp, soft goods, etc. (l_ _ enough to fit
inside an 800.mL beaker), shall be individually _pped and agitated in
500 mL of tess fluid. _ma]l components should be _d into
ba_.hes having a total sur_ area of at least 0.1 m'.

d. Significant areas of large components, _mges, valves,etc. (items too
larks to dip), shall be flushed and sampled.

Individual components, ,ur.h as d.'m_, ha','kG an area fraatm' than 0.5
m" must be flushed with 100-mL ,-*-_,,,,,,- oftut fluid for each 0.1 m'
of si_ifi=nt surraee area. The test flu/d sh_ be colh_! in or stank
ferred to a slngle mntalner, qitat_l, and umpkd to obtain 500 mL
(total sample) from top, center, and bottom of the _ teat fluid
nmpLo for analyatis. Discard exmu tsar: fluid (sample Is x'upx,umontative
of 0.5 mS).

•_i ..
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f. Small coateinerB with 1erosthan 0.6 m" iaten_ sur_m azu, sue.h as
hoke _linders, dewa?e, ote,, must be aampl_ by ustn8 500 mL of Wet
fluid. Aeitato the container to eowee all sJi_atflcaut sur_ wtt_ sample
medium; then drain tha test fluid _om the _tainer fbr an&135ds,

A.2.2 Test Method II.. Uqutd flow test for monttori_ per_rJe population and
NVR rQmaini_ an ertCtcal surfaces of itema cleaned in the field _ be peeformed

in the following manner:

a. Flow test fluid in accordance with 4.2.$.1 tha,ou_ the item at a mini-
mum average valocltT of 1.25 rote (4 We).

b. Catch a test fluid sample in a pmeilion-ekan_ container.

A._.3 Test Method HI.. The las flow _st for moisture mmaintni on a =itical
surface ag_r cleaning shall be performed in the followinl manner.

e. The cleaned item shall be purged with teat ial. The test lee shall be
nitrogen conform_g to 3.6.4.

b. The item shall be purled for a sumcient time to emum all of the
residual air and vapor have been eaTeIled _ the item. Hold (stop)
the purp flow for 8uEcient time to allow entrsppod moisture to diffuse
or permeate into the static pm%,egas. Beta mauitori_ for moisture in
the purge gas at the item's dioehal'le port. Resume _ _ flow.

c. The dewpoint of the e_luant test p8 _ be remained by • suitable
instrument. The method or inemu_ant u_d in the dewpoint method
.shell be capable of detecting to • level ofleu than 20-ppm moisture.
Manufacturer's directions shall be followed for th_ operat/on of • specif-
ic instrument. Effluent ps moisture content shall be 24 ppm
[dewpoint - .54 "C (-65 °F)] tbr individual components or 128 plato
[dev_oint = -40 °C (-40 "F)] for systems, unless |peci_ed otherwise.

d. If the effluent _ n_|ture content exa_ the allowable l/mR, contin-
ue _ the item pertodi_ny repe8_ b, end ©.un_l the t_t
requirea_n t is met.

A.2.4 Te_t Method IV. - The ]/qu/d or gas flow tut to mmluato • syetmns eapabili.
ty to deliver fluid that meete specified requireme_J 8hell be pertbrmsd in the
foUowinz manner:
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f. Retaha the filtrate f'o_analysis of the NVR in aeeordanes w/th 4.2,8,4.2.

gl

h.

Phcs the filter m_br_ under tbe mi_oempe.

Direct a high.intensity light source of 5000 to _)00 candelas (cd) onto
tbe mwr =s=bmns _om an oblique posit/on to obteln mmdmum
deduCt/on for _ and _m_, H__ty 91m.bla_.- is a

a

1. Use a mag:_aat/_ oFapl_simately 40 to 50 I_wsr for cmm_Nr
pericles for conformance to level 150 and treater and a_tely
100 power for level 100 and less.

j.
Count the particlss in accordance with the method of ASTb[ F812
except flmt when the total number of partidu of a liven particle size
ranze is to be between 1 and 154, the number of lfaUr_dee over the
entire effective fllteri_ area of the membrane shall be counted.

A.4 GRAVIMETRIO NVR ANALYSIS METHOD

Perform the lravimetric _ analysis in accordance with ASTM F331 or a similar
method tl_t will allow the evaporated test fluid to be recovered and recycled. If
the test fluld used i$ perchlorothyleno, a silicon.baaed oil bath must be employed
wLth the rotary evaporator due to the high boKing point of pstehlorethylex_s. The
gravimetri¢ _ analysis method shall be performed as follows:

DeL,_ease an evaporation flask by washing it three times with alcohol
and three times with the test fluid, Transfer the 500 mL of filtrate
from A.3 into the clean, deereassd flaek.

b. Evaporate the 500-rid, sample to 10- to °-O-mL volume.

c. After ccol/nf, trans&r the sample to a clean constant we/jht (With/n 0.I
rag), tared weifrh/ng dish, Wash the fluk three t/rues with • total
volume of 6 mL of cleon, filtered fluid end tasnofer the wash fluid to the

weishin8 dish,

d. Continue evaporationby l_i_ the wa_L_ dish inoido a eonstant
temperature oven st 105 to 110 "C. Allow the wa_h/nf d/sh g_ remain
inside the oven unUl the fluid has just evaporated to 4rylss. A ther.
mostatically controlled hot phte may be substituted for the oven,

A.4
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e. Remove the weighing dish fn_n the oven and place in a dui_.ator to
cool for 80 minutes.

f. A_r cooling, remove the weisbtni d/sh born the desiccator, weizh tl_
_ to the neanet 0.1 raG, _ rte_d the w_ht.

l- A blank is d_tsrminmi on the mumsd fluid, and the results am s_
mi from the _ vsluJ obtatm_ f_r tim sample.

A.5 AQUEOUS _FL,_NIC SAMPLING AND TOTAL CAI_ON NONVOLA-
TILE EESIDUE _v'R) ANALYSIS

This procedure defines the method Of pertormi_ aqueouJ ultra_/c ,zmplln{ and

TOC 1_ analysis of small parts.

NOTE

This procedure shall be implemented under the su-

pervision of the CO.

A.8.1 Eaui_ment. - The equipment un/qus to peri'orming th.ie procedure is as
follows:

a. Ultrasonic (U/S) bath, 60 to I00 watt_/gaUoas, 25 to 27 kilohertz

b. Parts samplin_ pan (etalnleee creel) Volumee 1, 2, 3, and 4 liter

Ch

d.

e.

Bracket to suspend parts sampling pan in U/S bath

Rosemont/Dohrmann DC-190 tots/carbon analyzer (TCA) or equivalent

high.tsmperatum (880 "C) combustion analyzer with Nnsit/vity of _4).2

ppm carbon (c) (mgC/L) and direct sample injl_don into combustion
fiarnace

Syringe (TCA sample), 200 microliter or va.,table 500 mtcrol/ter

A.8.o. Procedure.

A.5.2.1 yrelim/narv Stens.

a. Set the U/S bath temperature at 62 _:$ 'C and deL,ae the bath for 10
minutes before use.
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b4 Set the TCA to qrin_ mode and Mt the opt/mu_ paramsten, with the
furnace temporatum at 880 oc. C&tibmte the '_A in wx:Msum with
the mnnutn_nw's i:utruetiou.

Clean tho pa_ mmplin8 peril. Cenduet the umpll_ promdum •
without pa_ to _r_ the d_llno-, of the paw. The TCA nmulw
should bo lm than 1.0 p]_n (L0 n_6). _" the tot_ mFoon rsadini Is
8Teeter than 1.0 Ppm, check the qmd/ty of' the _t watm" and/or the
clesnlLno_ of the ps_ e,o,mplint pan.

d. Record the TCA results on tht pm_ umpli_ pan u blank mnpk

(TC:)

.+.,s,m.2

a o Place the parts with the surf'see area of 0.1 to 0.2 m' in a clean parts
sampling pan.

be

Cb

Measure the quantity of reagent water required to cover the parts in
the parts sampling pan.

Cover the parts se_npling pan with foil and place it an a bracket in the
U/S bath.

Reagent.water.to.parts-surface-aru ratio shall not
exceed I000 mL/0.1 m'; the ideal ratio is 800 mL/0.1 m'.

d. Set the level of water in t_ U/S bath so it is above the water level in
the parts sampl/_ pan.

e. Sontcate parts in the U/8 bath fOr 10 minutes. PerForm steps fi I, and
h u soon u possible within the maximum t_me limit of 1_0 minutes.

f. Remove the pa.,_ umpling pan _rom the UtB bath and remove the
cover. Swirl the pn umpliq pin to mix the water.

le

he

Dn_w a 900-z_mlitor sample of water From the pa_ Mmplinlr pan
with a syria.

I_ect the 200.mierolite_ sample of water Lute the TCA/bllowing the
instrument operating instructions and reemsi the TCA ruu]te.

A-6
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i. Record the nmple tot£'carbon readiq (?Ca).

A.5.2.3 Calculation.

a. Equivalent Nonvolatile Residue (Aqu_ms Ultruonie Sampling)

NVR = { CI_.. TCs)Vw}/((SF) A)
Where:

= Equivalent HVR (m_m' or mf_.l m')
TCs
?_
Vw
A
SF

= Total carbon value of sample (m_ or ppm)
= Total carbon value of blank (mgC/L or ppm)
= Volume of water (L)
= Surface area of part. (m')
- Sensitivi_ factor (m_/mg con_,-_,_J,,t) empirical conJtant derived

from text of known contaminanta

b. Sensitivity Factor (Aqueous Ult_asonle Samplin4[)

SF = TC/S

Where:
SF •
TC •
S

Sensitivity factor CmL_/mf[ of con_ninant)
Averap total carbon value of the sample (mgC/L)
Contaminant solution concentration (m4_L)

Many contaminants are not soluble in water. Heati_ the water and
the ultrasonic aEitation may be required to adequately emulsify the
contaminant°

Some contaminants are very dilcult to amulsigy
directly. 8ores suc_. hu ban achiev_l by spply/ng
a known alnount of contsm4_,._t to a IlmaJl, t/:t_,

lightweight mupon such as shim stock or PTFE.
Then. thmcouponis ultrmmically N0tat_d in a
known amount of heatld water. TI_ mupon is dr_d
and reweiahed. The difl_nmm in couponwef4rhtis
the amount of contaminant extracted into the water.
The water sample is analyzed fur TC. and an SF can
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then be calculated ba_ on the known ___-,-,-J,,t

coneent_a_n and _ mm_td TC.

_.6 AQUEOUS IMPINGEMENT BAbbLING AND TOTAL CARBON NONVOLA-
TILE RESIDUE _) ANALYSIS

This procedure donee tho method of'per_aninC aqueous im_t Jamplin8

performed at ambient tempemtun, and total embon NVR analysis of'_ parts.

Thi, In, saute shall be implemented under the sw

pervision of the CO..

A.6.1 E,_Dment. • The equipment unique to performh_ thie procedure i8 ae

follows:

a. Aqueous impinlement hardware dmwlnl 80I_7389

(1) Breathing air (BAIR)/water supply panel

(2) Sampling nozzles

(3)Hoses

b. Catchpan

c. Beaker (400 mL)

d. BAIR supply - 3100 EPa (450 p$ig) supply pre$|u--'e n,_,,_-,-,-

el

£

g.

Rosemount/Dohrmann DC-100 TCA or equivelent hilh-temperature

(880 'C) oombu_tion analIaer with Mnsitivity of i0.2 ppm carbon

(mL,O/L) and dL-ect sample injection into the combustion funmce.

8yriz_ (TCA sample), 200 mier_ttar or variabk 500 m/crollt_r

Sampling water • rupnt 8Tade watch' _GW)

A-8
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A.6,2.1 _-el,t._dn_a_ 8teos.

m= Set the TCA to the =yTin_ mode and set the optimum parameters with
the _-naee tampemtum at 880 "C. CaWn'ato th_ TC analyst in
amo_tanm with theZ_LnU__S bu_,

be Set up BAIR water SUpply ptltl with hOlU _ not, tie. Fill tim water
supply ve,_ with _e_ ROW. 8ecru1 the water supp_ veessl i_ the

operafion_l mode.

C_

d.

Set the B._R p_ssure to 2070 kPa (300 psig). To begin !mpinlPmnmt
flow, first open the BAIR supply valve and than open the ztagent water

supply valve.

Using the impingement system, impinge th8 eatehpan for 1 minute per
0.1 m' surface area. Dry the eatehpan with the BAIR. Allow water to
run through the system at a reduced syttem pressure of 346 to 690 kPa
(_0 1;o100 pstg) and collect §0 to 100 InL of water fl_m the nozzle on
the catchpan for blank water sample (TOCs).

e. PerForm TCA on 200 u_ oi"blank water sample.

£ Record the TCA reading oi_the blank water sample. If' the TOC, value
is not less than 1.0 ppm (m_,/L), drLin the water tank, raF_ the tank,
and repeat the TCA (steps d through _,

a. Suspend the dean component above the catchpan with a 400-mL beaker
to collect ",.hesample from the catchpan drain.

be

This is a noisy operation. The operator and an_ne
in the immediate arm shall wear eye and double ear

protection.

Begin the aozde flow with the BAIR pressure 90.70 kPa (800 lmig).
Allow ezoess water accumulated in the ho_ to be dmtnod J_nn the
nozzle.

A-9
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e_

f.

Berinni_ at the high point of tl_ critics/s_ to be sampled, bqin
implnpment samplinlr. Hold the noulo within 60 nun (2 in) of the
su.,faee. Move the nozzle back and toff/l and downward a_oee the
umplinZ su.,_e_eat a rateof appmslmsUdy0.06m'/min (0.6_/min)
until the ent_, critics/eu.-hm hu beensunned. The smnpl/ngrate or
clme is a Amctien,of the critical eu.rfb.m area (rder to adculstiow).

When the tmpln4mment umplinz/s eemplete, tu_ off abe wst_ supply
and lower the BArn j_pply ImmUre to apsamdmat_ _ kPa (6O
ps/I). Gen_ air sweep water d_pleU in abe mtohpan towards the
ssmpl/_g beaker collection point (drain) and colkot in a bes]rm.. If the
water sample con_ visible scum, the test sampht Fails NVP..

Draw a 200.mieroliter sample of wattr fl_m the beaker with a s_e.

I_ect a 200.microliter sample .of water into the TCA followi_ the
inaw_unent operaliug instructions.

g. Record the sample TCA results (TOC.): the sampling t_me (Ts,) and

the critical surtkce area (A) sampled.

h. Repeat steps f through g for a m/n/mum of thee inject/one until a
stable reading is obtained and average the three meet stable readings.

A.6o2.3 (_¢Iculation.

a, Equivalent Nonvolatile Residue (Aqueous hnpln_ment Sampling)

_/R - [(rOC,-_OC,)VOL_]
148.6_SF_ z A _

V_-h@re:

NVE

TOC.
TOC,

VOL_ -

• Equivalent NVR (mlj/m' or rag/0.1 m')
• Total oripm/c carbon valuta of trample (_ or ppm)
- Total orlpmi¢ carbon val_ of bl"'& (mliC/L or ppm)
. 5_race areasampled(m')
® _,t_y fa_,_r(_ _m_..,...,), mpleiml mutant

derived born text oFknown centare/state, st a known szu A.
Sampk volume OFwater oollected (mL)
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b. E,Kmated S,m-!in_w Time (Aqueous Impingement Sampling)

Vt_ere:

%
A

. Samplin_ time (_ute,)
= Critical surface area to be sampled (m')

c. Sensitivi_ Fac_r (Aqueous Impingement Sampling)

SF_ - (TOCs * TOCs) VOLc
AzD

_ere;

SF A =

D =
Sensitivity factor (mgC/mK contaminant) at a known area A
Contaminant distribution concentration (rag of contaminant/re')

The sensitivity factor will vary based on A and Ts. It is recommended
that SF be determined for 0.05, 0.1, 0.2, and 0.S so that a practical
maximum A can be determined.

A.7 VACUUM DRYING

This procedure presents a sugges_d method for vacuum drying of intricate parts
that are likely to retain enu'apped moisture when dried by normal purging
methods. It is the CC's responsibility to ensure the final dryness of' the parts.

A.7,1 EQUIPMENT

a. Vacuum oven - temperature control range of 43 'C (110 °F) to 121 oC
(260 oF)

b. Purge (test) gas - in aaaordance with $.6.4

c. Thermoeouple - independen_ temperature monitoring of pax't8

A-11
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A.7,2 PARTS HEATING

st art mam me oven. _-_ ova_ sna_ _ _.Q,-_ ._ _attached to the larp p pta v um• • . en shall b, lmated to the dodred acu_urz, d wsth me_ test ps, then the ov ..... _ .__ __,,__._.
dr_ teml_rature- Parta tmnperaturo anom_ _ I_vern_ ny me m,,o_
¢x_teria.

a.

b. The mas_um drying tmnpemture for parts containing nonmetallice
shall be 68 'C (150 "F)

The maximum tsmperature for drying metaKic parts is 121 'C (2S0 °F)

A.7.3 THERMAL VACUUM DRYING

Once the thermocouple monitor indicates the part_ have reached' the desired
temperatur'_, a vacttuln should be drawn on the pare and maintained for tha
period specified in table A-1. Once the parts have been dehydratod, the heat
should be discontinued and the oven slowly bach-filled with the t_st gas.

Vacuum Oven

psia

2.9

2.4

1.9
I i

1.4

0.93

0.44

0.29

Table A-1.

tort
I

150

125

100

75

50

25

15

1

48 "C
(ll0 OF)

e

m

3.4

0.9
i |

0.75

Vacuum Drying Time (Hours)

Temperature ,

64 ,C
(180 'F)

4.8

2.0

1.1

0.75

0,75

66 'C
(150 'F)

,m

1,3

1.2

0.8

0.75

0.75

0.75

76 "C
(170 'F)

0.9

0.8

0.75

0.75

0.75
I

0.75

0.75

87 "C
(190 "F)

0,76

0.75

0,75

0.75

035

035

0.75

.' ,..,,
'_'r
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APPENDIX B

ROUGH CLEANING PROCESSES

B.1 SCOPE

This appendix providu nonmaudatory supplemental fsfldance tnfbrmation ndafiug

to establishing cleaulug procalune.

B.2 ROUGH C_O

Rough cleening is used to achieve level VC dun articles. Rough eluniaZ _ove.
contestants such a, weld scale, heat treat scale, corrosion, o_de films, oils,

grease, shop soil, fuel, and carbon deposit. The dennlineu level achieved by

smuEh cleaning does not normally require verification beyond visual inspection.
(Wipe test, waterbreak t_st, ultraviolet inspection, special l/ihts, and mirrors are
considered aids to visual inspection,) Rough cleaning is considered a normal shop

process and usually does not require special environmental amtrols, packaging,

handling, or storage beyond accepted good practice.

B,3o ROUGH CLEANING TYPES

The following cleaners or their equivalents may be used for removing gross forms
ot contamination.

Chemical cleaning agents must be compatible with

material composition to p_event excessive attack or
latent degTadation.

]3.3.1 _, - Acid cleaners are used to remove the contamination; e.g.,
weld scale, corrosion, and oxide flln_, not removable by other solutions. Acid
cleaners include nitric acid, chromic acid, inhibited hydrochloric acid, inhibited

sulfuric acid, inhibited phosphoric acid, mixed acid deozidimem, and alcoholic-

phosphoric add.

B.$.2 _kallne Cleaners.- Alkaline cleaners are used for removal of organic and

inorganic contamination; e.|., grease, shop soil, seals, and soluble metal ozides.
Alkaline cleaners dissolve (etch) certain metals such as aluminum or zinc. Types
of alkaline eleknere include _ rust st_,ippen, heavy.duty alkalies cleanm"s,

molten alkalines, al_i, and alkali with nitrate or phosphate.

_J.3 WWO3 SOH 35"_4 _,EE_ Lee Lo_,
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B.3.3 Dora,users (Ore=rite _.n_l..___ Based Solvents). - De, suers are used
_o remove some forms of orphic contamination; e.g., oils, Sreue, and hydrooarbon
fi_]s,

B.3o4 Mild/_1_.1_-e C!=-m,_m and I)etarmntL - Mild alkaline closers and
det@rgentg are u_d for the removal of oretuie and inorpnk contamination; e.g..
oils, fats, shop soil, and _'sa_. Mild alkaline elunars and _W include
inhibited _ cleaners (mild alkaline _), soaps, and detenomts.

B.3.6 TaD Water ..d l_aeent Water. • Tap water or rup_t water is used to
remove the residual =atmrial lel_ by d_ Nlutions and _t wat_ will be
used as a final flushing or rlmd_ medium.

B.3,6 Neutr-1;_ and Pueivatini Bolutions, - Nou_ and pa_iva4:Lug . _
solutions are used as a eupplementa_ t=eatment to a_d, alkal/ne, and m_hanieal
cleaning. The neutrali_ and passivatiq solutions prevent corrosion and acid
etolt/ng. Use hi.ate, Phosphate, alkali with niteato or phosphate to nauu-alise;
use nitric acid solutions to passiveS.

B.3.7 M_ehanieal ClesninL - Mechanlca] ©leani_ removes coutmnination by
abrasive action. It is used only when physical dama_ to the item being r.leaned
will not occur. Mechanic_ cleaning includes wire brushi_, shot blasti_ (wet and
dry), grinding, abrasive blas_ng (wet or dry), the u_ of al,..-;,_;,-- oxide, abrasive-
coated papers and cloths, and related methods,

Moc]_i_ll clea_q ol_n leaves fol_ii|n d_posit_ that
may require additional .,_le_q ibt t_o_vd. Com-
patibiIity of dissimilar met_s is an important eonskl-
oration when eelectin_ a mechanical deaning method.

!

B,4 ROUGH CLEANING PROCESSES

Table B.I shows _ecommended rough e1,,sn4,f processes and I_ltwnms.

B-_
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